Abstract This study investigated the eastern Pacific Intertropical Convergence Zone (ITCZ) as an atmospheric forcing to the ocean by using various observed and reanalysis data sets over 29 years. Climatologically, a zonal band of positive wind stress curl (WSC) with a 10°m eridional width was exhibited along the ITCZ. A southward shift of the positive WSC band during the El Niño phase induced a negative (positive) WSC anomaly along the northern (southern) portion of the ITCZ, and vice versa during the La Niña phase. This meridional dipole accounted for more than 25 % of interannual variances of the WSC anomalies (WSCAs), based on analysis of the period 1993-2008. The negative (positive) WSCA in the northern portion of the ITCZ during the El Niño (La Niña) phase was collocated with a positive (negative) sea surface height anomaly (SSHA) that propagated westward as a Rossby wave all the way to the western North Pacific. This finding indicates that this off-equatorial Rossby wave is induced by the WSCA around the ITCZ. Our analysis of a 1.5-layer reduced gravity model revealed that the Rossby waves are mostly explained by wind stress forcing, rather than by reflection of an equatorial Kelvin wave on the eastern coastal boundary. The off-equatorial Rossby wave had the same SSHA polarity as the equatorial Kelvin wave, and generation of a phase-preserving Rossby wave without the Kelvin wave reflection was explained by meridional movement of the ITCZ. Thus, the ITCZ acts as an atmospheric bridge that connects the equatorial and off-equatorial oceanic waves.
Introduction
The Intertropical Convergence Zone (ITCZ) is a region characterized by the presence of convective clouds and large amounts of precipitation where surface winds converge. While the eastern Pacific ITCZ is located between 5°N and 15°N on average, its location and intensity are strongly affected by underlying seasonal and interannual variations of sea surface temperature (SST) (Horel 1982; Pazan and Meyers 1982) . A large SST variation in the eastern equatorial Pacific region associated with El Niño (La Niña) leads to a southward (northward) shift of the eastern Pacific ITCZ (Pazan and Meyers 1982; Philander 1989 ) and changes in surface wind patterns that can act as the atmospheric forcing anomalies to the ocean surface layers.
Anomalous Ekman pumping induced by wind stress curl (WSC) anomalies can generate sea surface height (SSH) anomalies that propagate westward as a Rossby wave in the off-equatorial region. In the eastern Pacific region where the ITCZ is located, two types of Rossby waves emerge in a cycle of the El Niño Southern Oscillation (ENSO). Kessler (1990) and Hasegawa and Hanawa (2003) reported a Rossby wave along the northern portion of the ITCZ (9-15°N) in the eastern Pacific on the basis of analyses of observed hydrographic data sets. Their analyses indicated that the Rossby wave begins to propagate westward from the eastern coastal boundary right after the equatorial Kelvin wave reaches the eastern coastal boundary. This finding implies that the Rossby waves are generated by reflection of the equatorial Kelvin wave. On the other hand, Schopf and Suarez (1988) demonstrated a Rossby wave along the southern portion of the ITCZ (5-7°N) in the central Pacific on the basis of numerical experiments. Their experiments indicated that the Rossby wave is generated by anomalous atmospheric forcing as a response to SST variation associated with the Kelvin wave propagation along the equator. This Rossby wave revealed by numerical experiments has not been clearly captured by observational studies.
These two off-equatorial Rossby waves, reported in previous literature, are triggered by the equatorial Kelvin wave arriving in the eastern Pacific. At the same time, the Kelvin wave also leads to meridional migration of the ITCZ as a response to El Niño and La Niña events. While this meridional shift of the ITCZ is expected to change the surface wind patterns, no literature has discussed how the meridional migration of the ITCZ is related to the two Rossby waves via changes in surface wind patterns. Investigation of the ITCZ focusing on its impact on oceanic height variability may lead to a deeper understanding of airsea interactions in the eastern Pacific in an ENSO cycle.
Therefore, the objective of this study is to examine wind stress fields associated with northward/southward shifts of the ITCZ and their relation to Rossby wave generation. The paper is organized as follows. Section 2 describes the data used and analysis methods. Section 3 examines the climatological field and temporal variations of the meridional position of the ITCZ. Section 4 depicts anomalous wind stress fields associated with the northward/southward shifts of the ITCZ and examines their relation to generation of the Rossby waves along the two meridional sides of the ITCZ. Section 5 discusses the generation mechanism of the Rossby waves using a simple dynamic model. A summary is presented in Section 6.
Data and methods
A globally merged product of satellite-derived infrared (IR) brightness temperature provided by the National Climatic Data Center (NCDC) in the National Oceanic and Atmospheric Administration (NOAA) (Gridsat, Knapp et al. 2011 ) was used. The merged product was derived from the historical data records of the International Satellite Cloud Climatology Project (ISCCP). The IR data is based on satellite measurements in an infrared window (11 lm) that senses the Earth's surface under clear-sky conditions and cloud-top temperatures of thick clouds. While the original data is available at 3-h intervals and 0.07°longitude 9 0.07°latitude, we used spatially smoothed monthly averages. For the smoothing, we applied a Gaussian filter with an e-folding scale of 300 km.
SST data provided by the Met Office Hadley Centre (HadISST, Rayner et al. 2003) was used. The HadISST data is constructed based on quality-controlled in situ temperature observations, available at 1-month intervals and 1°longitude 9 1°latitude. Spatial and temporal gaps are filled in using a reduced space optimal interpolation (Kaplan et al. 1997) .
Surface wind stress data provided by the European Center for Medium-Range Weather Forecasts (ECMWF), named Interim ECMWF RE-Analysis (ERA-Interim, Simmons et al. 2010) , was used. The number of assimilated observations is ten times larger in the ERA-Interim than in the previous version of the 40-year ECMWF Re-Analysis (ERA-40) (Dee et al. 2011) . Although the original data is available at 1-month intervals and 1.5°longitude 9 1.5°l atitude, we re-gridded the data into a 1°grid by linear interpolation.
We calculated monthly climatologies over a 29-year period of 1980-2008 for each of the variables. Monthly anomalies as departures from the respective climatologies were smoothed by applying a 13-month running mean filter. This temporal filter highlights interannual variations of those variables by canceling out temporal variations on a 1-year scale.
SSH anomalies (SSHAs) observed by satellite altimeters including TOPEX/Poseidon and Jason-1 are provided by the archiving, validation and interpretation of satellite oceanographic data (AVISO) from January 1993 to December 2008. While the original anomaly data along their ground tracks is available at 9.916-day and 5.8 km intervals, we calculated the monthly averages smoothed by the same spatial filter used for the IR data. To remove the seasonal bias, we re-defined the monthly SSHAs as departures from the 16-year mean in the respective month. Then, annual mean SSHAs were calculated based on the 13-month running mean of the re-defined monthly anomalies.
An annual mean 1°9 1°gridded absolute SSH data set was constructed using the annual mean density profile based on the annual mean temperature and salinity profiles archived in the NOAA National Oceanographic Data Center (NODC). Absolute SSH on each of the grid points was calculated by integrating the density profiles referenced to 2000 dbar under an assumption of hydrostatic equilibrium.
ITCZ and wind stress curl
To obtain an outlook of the ocean-atmosphere field around the eastern Pacific ITCZ, we show mean annual IR, SST, and surface wind stress fields in Fig. 1 . The ITCZ is characterized by lower IR temperature than in the surrounding areas (Bain et al. 2010) . The zonal band of the IR temperature below 278 K elongates in the off-equatorial region north of the equator, tilting slightly from 2 to 8°N in the western portion, to 6-13°N in the eastern portion. The ITCZ is collocated with the high SST region over 27°C and with convergence of the surface trade winds (Fig. 1a) . Because the westward component in the wind stress vectors are stronger to the north of the ITCZ than south, a zonal band of positive wind stress curls (WSCs) with approximately 10°meridional width is found in a region slightly north of the ITCZ (Fig. 1b) . The magnitude of the positive WSC in this band reaches up to 8 9 10 -8 N m -3 , which is comparable to that of the negative WSCs over the North Pacific subtropical gyre (Trenberth et al. 1990 ). Due to the wind-induced upwelling, the SSH displays an off-equatorial trough along 8-13°N under a zonal band of the positive WSC, which is separated from the equatorial trough centered at the equator induced by the equatorial upwelling (Fig. 1c) . This observed picture of climatological WSC and SSH in the eastern Pacific is fairly in agreement with the surface wind vorticity (Horel 1982) and the meridional change of thermocline depth found in Levitus (1982) 's temperature cross section of the subsurface ocean (e.g., Xie and Philander 1994) .
The zonal band of the ITCZ migrates meridionally with seasonal cycles (being southernmost during the boreal spring [Horel 1982 ]) as well as on interannual time scales (Pazan and Meyers 1982) . To obtain the meridional position of the ITCZ band, we defined a representative latitude of the ITCZ, Y ITCZ (t), following Waliser and Gautier (1993) ,
where a is the IR temperature, which is a function of longitude (x), latitude (y), and time (t). Spatial integration was conducted in a domain of 180-110°W and 0-18°N (box ITCZ , inset rectangle in Fig. 1 ) only when the IR temperature is below 278 K. Although the box was chosen following Bain et al. (2011) , the threshold in IR temperature for the monthly averaged data is much higher than those in the range of 230-250 K used by previous studies to examine ITCZ variability based on hourly scale data (see Table 1 of Bain et al. [2010] ). We also defined a representative latitude of the positive WSC band, Y WSC (t). ) and c SSH (color; cm). IR temperature (contours; 2 K intervals) and wind stress (arrows; N m (Fig. 3) . Positive SST anomalies (SSTAs) are pronounced in the equatorial region (Fig. 3a) . In the WSC anomaly (WSCA) field (Fig. 3b) , a zonal band of negative (positive) anomalies is found in the area of 9-18°N (0-9°N) north (south) of the climatological ITCZ at 165-110°W (180-110°W), forming a zonally-elongated meridional dipole, as the positive WSC band shown in Fig. 1b migrates southward. Amplitudes of the regressed WSCA at 9-18°N (0-9°N) are more than 0.5 9 10
at the center of action, which accounts for more than 25 % of the interannual variance of the WSCAs. Qiu and Chen (2010) showed a similar meridional dipole of the regressed WSCA onto the Niño 3.4 index (see Fig. 11b of their paper), instead of Y 0 ITCZ (t). Although they discussed neither the dipole pattern nor its relationship with the ITCZ location, the similarity of the two WSCA patterns is reasonable because of the significant correlation between Y 0 ITCZ (t) and the Niño3.4 index.
In the regressed SSHA field in Fig. 3c , two tongue-like structures of positive SSHAs extending westward from the eastern coastal boundary are found over the equatorial and off-equatorial (9-15°N) regions, sandwiching the meridional minimum of SSHA at 5-7°N. This equatorial SSHA ridge is collocated with a positive SSTA along the equator (Fig. 3a) . However, such a linkage to the SSTA is not found in the off-equatorial SSHA ridge and trough. Instead, this off-equatorial SSHA ridge along 9-15°N (SSHA trough along 5-7°N) is collocated with a negative (positive) WSCA (Fig. 3b) , indicating that the ridge (trough) is generated by anomalous Ekman downwelling (upwelling) induced by surface wind changes associated with the southward shift of the ITCZ.
In order to capture the temporal evolution of the SSHA field, we mapped the monthly lead-lag regression of the SSHA onto -Y 0 ITCZ (t) over the entire tropical North Pacific (Fig. 4) . The monthly lead-lag value is negative (positive) (Figs. 4c, 3c) show different propagation features, as expected from the ocean wave dynamics. The equatorial ridge is a consequence of eastward propagation of a warm Kelvin wave (Fig. 4a-c) . The arrival of the Kelvin wave at the eastern coastal boundary corresponds to a southward shift of the ITCZ in association with the mature phase of El Niño. The off-equatorial SSHA ridge begins to be formed in the eastern Pacific at lag = 0 month, and shows a Rossby wave feature along 9-15°N (the northern portion of the ITCZ).
After ridge formation, the off-equatorial positive SSHA propagates westward (Fig. 4d) , and eventually arrives at the western coastal boundary of the Pacific at lag = ? 12 -months (Fig. 4e) . These properties of the Rossby wave are fairly in agreement with the results of observational studies by Kessler (1990) and Hasegawa and Hanawa (2003) . On the other hand, along 5-7°N (the southern portion of the ITCZ), the off-equatorial SSHA trough sandwiched by the two ridges is also formed in the central Pacific at lag = 0 month, at the same time as the ridge formation to the north (Fig. 4c) . However, the Rossby wave feature is not discernible at 5-7°N, probably because the signal of the SSHA trough is overwhelmed by the subsequent cold Kelvin wave propagating from the western Pacific. This result is inconsistent with the result of the numerical simulation by Schopf and Suarez (1988) . Thus our analysis of the observations, along with the above-mentioned observational studies, indicates that the SSHA trough formed along the southern portion of the ITCZ does not show any clear propagation feature as a Rossby wave. For this reason, only the Rossby wave at 9-15°N is the focus of further analysis.
To see the behaviors of individual ocean waves, we made Hovmöller diagrams of SSHAs (Fig. 5 ) along the equator (3°S-3°N) and the off-equatorial latitudinal belt (9-15°N), as shown by inset rectangles in Fig. 4 . Note that the longitudinal direction in Fig. 5b is opposite to that in Fig. 5a . To estimate a propagation speed, the SSHAs were projected onto a line at a range of angles from 0°(the longitude axis) to 90°(the time axis) in the Hovmöller diagram (Fig. 5a ). When the line is perpendicular to the alignment of ridges and troughs of the Rossby waves, the projection has a minimum variance of SSHAs. Based on this method, we estimated the propagation speed at 20 cm s -1
. While the westward propagations of the Rossby waves are pronounced in the off-equatorial belt (Fig. 5a ), their starting longitudes are different from year to year. Before 2002, the SSHAs in the off-equatorial belt can be traced back to the eastern coastal boundary and then all the way to the equatorial region. This counter-clockwise propagation indicates a reflection of the ocean waves at the eastern coastal boundary, as reported by the above-mentioned observational studies. In contrast, during 2002-2008, such a linkage of the SSHA between the equatorial and off-equatorial regions was weak. El Niño Modoki (Ashok et al. 2007) and/or its similar events (Larkin and Harrison 2005; Kao and Yu 2009; Kug et al. 2009 ) have been frequently observed since 2002, while those events were found less often before 2002 (Singh et al. 2011; Hasegawa et al. 2013) . These changes in the zonal location of the equatorial SST warming are associated with an interdecadal change in the propagation feature of the Kelvin waves. Though the Kelvin wave reflection is not discernible in this period, the SSHA polarity between the two latitudes is linked by some physical mechanism. As mentioned in Fig. 3 , the WSCA dipole associated with the meridional migration of the ITCZ has potential to generate the Rossby waves including the linkage of the SSHA polarity. In fact, Y 0 ITCZ (t) is correlated to both the SSHA (Fig. 5a ) and WSCA in this off-equatorial belt (r = ?0.43, Fig. 5c ). In the next section, the off-equatorial Rossby wave is further examined in view of wind stress forcing, with special emphasis on the WSCA dipole associated with meridional migration of the ITCZ.
Generation mechanism of off-equatorial Rossby waves
To simulate wind-driven Rossby waves, a reduced gravity model (1.5-layer) was employed. This model has successfully reproduced the wave features in many studies (e.g. Meyers 1979; Kessler 1990; Fu and Qiu 2002; Capotondi et al. 2003; Qiu and Chen 2010) . Under the longwave approximation, a linear vorticity equation is obtained as follows:
where h is the SSHA, 6 s is the wind stress anomaly, C R is the propagation speed of the long baroclinic Rossby waves, g 0 is the reduced gravity, q 0 is the reference density, f is the Coriolis parameter, and e is the dissipation ratio. For a simple discussion, we assumed that the beta effect in the local Ekman pumping term was negligible as expressed by the following equation, 
Note that we checked that the beta effect is unlikely to influence the following results in this section. Indeed, Qiu and Chen (2010) also removed the beta effect on the simulation of the off-equatorial Rossby waves. By integrating this equation from the eastern boundary (x E ) along the baroclinic Rossby wave characteristics, we then obtain, hðx; y; tÞ ¼ h x E ; y; t þ
The first term on the right-hand side represents Rossby waves emitted from the eastern coastal boundary. This implicitly indicates reflection of the equatorial Kelvin wave on the eastern boundary. The SSHA observed at 100°W was used as the boundary condition. The second term on the right-hand side is a component forced by WSCAs. We determined the value of C R by the same method used for Fig. 5a . Based on individual longitude-time diagrams of the observed SSHA at each of latitude from 9°to 15°N, the estimated speed was 25-15 cm s -1 . The WSCA was zonally integrated following Eq. (4), under the condition that g 0 was 0.04 m s -2 , e was (6 months) -1 (Picaut et al. 1993; Qiu and Chen 2010) , and x E was 100°W. Figure 6a displays simulated SSHAs along the offequatorial belt calculated by the sum of the following two terms: (1) the Rossby waves emitted from the eastern coastal boundary shown in Fig. 6b , and (2) the windinduced Rossby waves shown in Fig. 6c . While the SSHA produced by the first term (Fig. 6b) reduces during westward propagation by the given dissipation ratio, the SSHA produced by the second term (Fig. 6c) dominates in the central and western parts of the simulated SSHAs in Fig. 6a . Our visual inspection indicates that the simulated SSHAs (Fig. 6a) successfully reproduce the overall features of the observed SSHAs (Fig. 5a ). In fact, the observed (Fig. 5a ) and simulated SSHAs (Fig. 6a) as a function of time are significantly correlated at all longitudes from 180°to 100°W (thin line of Fig. 6e) . The significant correlation coefficients over 0.8 in the eastern and western portions of the analysis region are attributed to different factors. In the eastern portion, most of the SSHA patterns in Fig. 6a are determined by the first term (Fig. 6b) rather than the second term (Fig. 6c) . However, the correlation coefficients between the first term ( Fig. 6b ) and the observed SSHA (Fig. 5a) show a rapid westward decrease (dashed line in Fig. 6e ). By contrast, the correlation coefficients between the second term (Fig. 6c) and the observed SSHA (Fig. 5a) show a gradual westward increase (thick line in Fig. 6e ). This indicates that wind stress forcing is very important for the generation of the Rossby wave in the interior region far from the eastern boundary. The switching of the relative importance from the emission term to the wind stress term is found at 120-130°W, where the meridional dipole of the WSCA is dominant (Fig. 3b) . We note that the overall features of the simulated results were unchanged when we employed the dissipation ratio smaller than (3 months) -1 . Visual comparison of Fig. 6c and d indicates that on an interannual time scale, the wind-driven off-equatorial Rossby wave has the same SSHA polarity as the observed equatorial Kelvin wave in the same year. The time-longitude section of the lag correlation coefficients between the observed equatorial SSHA and the observed SSHA at 0°N and 180°W displays an eastward decrease as the Kelvin wave propagates (Fig. 6g) . In contrast, the time-longitude section of the lag correlation coefficients for the winddriven off-equatorial Rossby wave shows a westward increase as the lag-time increases (Fig. 6f) . The significant positive correlation coefficients west of 120-130°W imply a linkage of the polarity between the equatorial and offequatorial SSHA. This finding indicates that the wind forcing is one possible physical factor that can preserve the same polarity of equatorial and off-equatorial ocean waves, since the reflection effect is not involved in the off-equatorial waves shown in Fig. 6c .
During the pre-mature phase of El Niño events, the arrival of the downwelling warm Kelvin wave in the eastern Pacific induces a positive SSHA, as in Fig. 5b . An SST warming after the Kelvin wave arrival leads to southward movement of the eastern Pacific ITCZ accompanying the negative WSCA along the northern portion. This atmospheric response then generates the positive SSHA that propagates westward as an off-equatorial Rossby wave. Thus, the meridional movement of the ITCZ plays a role as a bridge connecting the equatorial and offequatorial ocean waves. The same relation is true for SSHAs during La Niña events with opposite polarity.
We should note that the WSCAs for the forcing in Eq. (4) contain the ITCZ-related variability, as well as other natural fluctuations. Therefore, we conducted another experiment forced by the ITCZ-related WSCAs (WSCA ITCZ ), calculated as follows:
WSCA reg represents a regression of the WSCA onto Y 0 ITCZ (t), as shown in Fig. 3b . All other settings are identical to the experiment in Fig. 6c . The result of the additional experiment shows that the overall features are similar to those in Fig. 6c (not shown) . The SSHA in the additional experiment explains 22 % of the interannual variance of the observed SSHA. This reduction in the explained variance is consistent with the result of our observational analysis in Section 4; that is, the regressed WSCAs onto Y 0 ITCZ (t) in the off-equatorial belt explained 25 % of the total interannual variance.
Due to the fact that Y 0 ITCZ (t) is highly correlated with the Niño 3.4 index (Fig. 2 , r = -0.81), the WSCA reg in Eq. (5) may contain a component of the effect of the ITCZ shift, together with a component that directly responds to the equatorial SST warming. However, WSC and surface wind divergence anomalies averaged over the region at 9-15°N and 165-120°W were temporally correlated (r = -0.66). Therefore, it is considered that the term in Eq. (5) contains much of the component derived from the ITCZ shift.
Summary
We examined anomalous atmospheric forcing associated with northward/southward movements of the eastern Pacific ITCZ and the oceanic response to these atmospheric Fig. 6 Hovmöller diagrams of the simulated SSHAs (color, cm) along the off-equatorial latitudinal belt (9-15°N) output from a the reduced gravity model, b the first term and c the second term in the model, together with d the observed SSHAs along the equator (same as Fig. 5b ). Shading convention is represented at the bottom of Fig. 6b . e Simultaneous correlation coefficients of the observed offequatorial SSHAs with the simulated SSHAs (thin solid line), the first term (dashed line) and the second term (thick solid line) as a function of longitude. Also shown are lead-lag correlation coefficients of f the second term (Fig. 6c) and g the observed equatorial SSHAs (Fig. 6d) with the observed SSHA at 0°N and 180°W as a function of longitude (contours; 0.05 intervals). The monthly lead-lag value is positive (negative) when the equatorial SSHA at 180°in the observation leads (lags) the second term and the observed SSHAs forcing anomalies by using various observed and reanalysis data sets over 29 years. Climatologically, a zonal band of positive WSC with a meridional width of approximately 10°was exhibited along the eastern Pacific ITCZ. Southward migration of the ITCZ during El Niño years induced a meridional dipole of WSCAs, with a negative zonal band of WSCA along the northern portion of the ITCZ at 9-18°N and a positive one along the southern portion at 0-9°N. The meridional WSCA dipole accounted for more than 25 % of the total interannual variation of the WSCAs, based on analysis of the period 1993-2008. The negative WSCA at 9-18°N was collocated with a positive SSHA at 9-15°N when the ITCZ migrates southward during El Niño years. At the same time, the equatorial SSHA was positive because of the arrival of a warm Kelvin wave. The opposite relation in the polarity of the SSHA in each latitudinal band is true during La Niña years. The SSHAs along a northern portion of the ITCZ were generated by the WSCA associated with meridional movement of the ITCZ.
After the off-equatorial SSHA dipole was generated, the observed SSHA at 9-15°N propagated as an off-equatorial Rossby wave. Consequently, the equatorial Kelvin wave and off-equatorial Rossby wave were represented by the same sign in SSHAs. The observed Rossby wave feature in the SSHA was successfully reproduced in a 1.5-layer reduced gravity model. This finding indicates that the offequatorial Rossby waves were mostly generated by wind stress forcing, rather than by ocean wave reflection on the eastern coastal boundary. However, the wind stress forcing itself could not explain why the off-equatorial Rossby wave had the same SSHA polarity as the equatorial Kelvin wave on an interannual time scale.
This study proposes that the meridional migration of the ITCZ is necessary for the phase-preserving ocean waves between the equatorial and off-equatorial regions without any wave reflection at the eastern boundary. (1) The arrival of the warm Kelvin wave in the eastern Pacific induces a positive SSHA in the equatorial region. (2) Then, SST warming leads the southward movement of the ITCZ, which accompanies the negative WSCA along its northern portion. (3) This atmospheric response finally generates a positive SSHA that propagates westward as a Rossby wave. Thus, the ITCZ acts as an atmospheric bridge connecting equatorial and off-equatorial oceanic waves.
As shown in Fig. 4c -e, the off-equatorial Rossby wave propagates from the eastern Pacific all the way to the western boundary, which is consistent with Kessler (1990) and Hasegawa and Hanawa (2003) . After the arrival at the western boundary, this Rossby wave will reflect (Boulanger and Fu 1996) and/or generate an oceanic Kelvin wave through atmospheric forcing (Weisberg and Wang 1997) , leading to a subsequent ENSO event. Thus, the off-equatorial Rossby wave associated with meridional movement of the ITCZ can be a part of the possible oscillator of ENSO. However, recent studies have pointed out zonal modulation of El Niño events (Larkin and Harrison 2005; Ashok et al. 2007; Kao and Yu 2009; Kug et al. 2009 ). Therefore, we should further investigate this possible oscillator by considering the zonal modulation in equatorial SST warming.
